With recent advances in the instrumentation and with increased expertise the results of microvascular surgery are getting better. Complications though, cannot be completely avoided. This paper gives a brief introduction to the possible complications at various stages of free tissue transfer. With careful planning and execution and vigilant postoperative care the overall success rate can be improved.
INTRODUCTION

M
icrosurgical free tissue transfer has vastly expanded the reconstructive surgeon's repertoire and enabled us to think of a variety of reconstructive possibilities, which would have been impossible to conceive in the pre-microsurgical era. Most large series of free flaps published over the last two decades have cited success rates in the range of 95-99%. [1] [2] [3] [4] [5] [6] [7] Nevertheless, microsurgical free tissue transfer is a technically demanding exercise which requires meticulous attention to planning and execution. In spite of improving equipment, better training facilities and a large amount of experience; failures and complications still do occur and these can be a source of considerable heartburn to the surgical team as well as a great deal of anguish to patients and their well-wishers.
The aim of free tissue transfer is restoration of anatomy to near normal; with the least amount of trauma and scarring. Though the concept of 'ideal donor site' or 'ideal wound healing' is still elusive, optimum coverage/ healing of the defect and minimum residual scarring and functional problems in the donor site are the goals. [7, 8] Any deviation from these expected end results can be termed 'unfavourable'. For the sake of order, we can divide unfavourable results into six categories:
• Complete flap failure: Essentially failure of the microvascular anastomosis • Partial flap failure: Part of the flap is lost • The flap survives, but fails to achieve the desired goal completely • Unacceptable/significant donor site morbidity • Other medical complications • Unsatisfied patients: Where all the intended surgical goals have been achieved, but the patient is not satisfied. Essentially a failure of communication.
COMPLETE FLAP FAILURE
Complete flap loss is a dramatic event. The failure may be attributable to patient-related factors or to surgery/ anaesthesia related factors. Sometimes, the aetiology may be multi-factorial and at other times, a flap may fail without any discernible cause. Meticulous planning and execution at different stages will maximize the chances of a successful outcome.
Pre-operative flap-planning and patient optimization is the most important step. Most free tissue transfers (unlike re-plantations) are elective procedures and the available time should be utilized to optimise the general condition of the patient. Even systemic conditions not directly related to the flap may affect the results in specific conditions and should be carefully looked into.
Patient factors Age
There is enough evidence in the literature that free-flap survival is not significantly different at extremes of age; however it is also well-known that in patients of advanced age, non-surgical complications including mortality are higher. [9, 10] Diabetes Diabetes, per se, is not related to higher flap failure, but diabetes is often associated with peripheral-vascular disease, particularly in the lower limbs. Such patients need a more thorough vascular evaluation, which may include Doppler studies and/or angiography. [7, 11, 12] Other systemic conditions Patients with liver disease or following chemotherapy may have coagulopathies predisposing them to bleeding and haematoma formation. Same may be the case in patients on anti-coagulants. [13] Tobacco use There is evidence, both experimental and clinical, that smoking leads to vascular spasm and is associated with higher flap failure rates. It is strongly recommended that patients refrain from smoking during the period 2 weeks before and 2 weeks after free flap surgery. [14, 15] Alcohol abuse Although consumption of alcohol is not directly related to flap survival, some people who are regular heavy drinkers are susceptible to developing acute alcohol withdrawal symptoms when they suddenly stop drinking. These symptoms typically manifest on the 3 rd to 5 th day after withdrawal. Such patients may become extremely uncooperative and even violent. It is prudent to advise patients to cut down alcohol use for a couple weeks pre-operatively. In case of emergency free flaps, one needs to be aware of this problem and plan appropriate treatment, including the use of medications for psychiatric illnesses. Such patients should also be routinely evaluated for liver functions. [16] Flap selection and planning A surgeon doing regular free-flap surgery ought to be familiar with a variety of free flap transfers to suit all occasions and requirements.
Skin and fascio-cutaneous flaps are the commonly used free flaps. Skin flaps have advantages like; they tolerate ischemia better, [17] have better stability and appearance and secondary surgeries are easier. Limitations of skin flaps are that only moderate sized flaps will allow primary donor site closure and they do not fill cavities and irregular defects easily.
It is important to visualise the likely donor site scar and explain to the patient accordingly, as the scar remains with the patient forever. All efforts should be made to create a donor scar, which is least obvious and easily camouflaged. A flap like anterolateral thigh (ALT) is preferred over radial/ulnar forearm flaps for this reason. ALT also has a long and large pedicle and can be primarily thinned. On the flipside, the thigh skin is often hairy and larger flaps will need Skin grafting for the donor site. We routinely use para-scapular [18] flap especially in children and thin adults. The vascular pedicle is very reliable, up to 4-6 cm long, with an average calibre of 2-2.5 mm (artery). The donor scar is easily hidden by ordinary clothing.
The groin flap is another good donor site. Based on the superficial circumflex iliac artery system, this flap can be easily made up to 20 cm long and 10 cm broad; with direct closure of the donor site. The skin is mostly hairless and fairly thin. In our experience of over a hundred flaps, we have found that; we can always find a reliable artery of 1.2-1.5 mm calibre, if we follow the vascular dissection to the femoral artery. There is dual venous drainage. The superficial circumflex iliac vein is large in calibre (2.5-3 mm) and can be traced the saphenous bulb. The only disadvantage of this flap is a short donor pedicle (3-4 cm). [19] Myocutaneous flaps are too bulky and a muscle flap covered with a skin graft is preferred over them. The most commonly used muscle flaps are the gracilis and the latissimus dorsi (LD). Gracilis muscle is the most commonly used muscles for free transfers. Gracilis virtually leaves no donor site morbidity while LD has few disadvantages like the necessity of lateral position, general anaesthesia (GA), a long scar on the flank and frequent seromas in the donor site. Less commonly used muscles include the vastus lateralis, rectus femoris and gastrocnemius. The vastus lateralis can provide a flap of up to 8 cm × 20 cm, with a long pedicle (descending branch of the lateral circumflex).
All muscles are less tolerant of ischaemia and this decreases their chance of salvage in case of anastomotic failure. An ischaemia time of more than 3-4 h is likely to lead to complications.
Recipient site: Location and dimensions
There is some evidence that flaps transferred to specific areas (like lower limbs) have higher failure rates. [1, 4] Secondary reconstructions have a higher failure rates possibly due to already traumatized vessels. [4] If the recipient bed is poorly vascularized owing to irradiation, infection or residual tumour, the chances of complications are high. [20] When doing simultaneous flap harvest, one must plan for alterations in the dimensions of the defect, which may occur after debridement, release of contractures or repositioning of displaced structures. Comparing the affected area to the opposite normal side (wherever possible) will give a good estimate of the final defect. The flap dimensions should also take into account the depth of the defect and the thickness of the flap. Thus for a shallow recipient defect, a 2 cm. Thick ALT flap will need a minimum of 4 cm of additional width to allow a tension free inset. One must also account for post-operative swelling. One needs to be extra careful in ALT flaps, which include a sizable chunk of vastus lateralis muscle. The muscle tends to swell up and if the skin flap has been completely inset, may compress the pedicle.
Intra-operative factors
A free flap transfer operation should proceed in a smooth stepwise fashion culminating in a flap perfectly fitting the defect without tension, anastomoses carried out between well-matching healthy vessels with good flow, with the pedicle sitting comfortably without tension, torsion, redundancy or kinking. Complications and failures are likely to occur whenever any of these steps does not go according to the script. This is a failure of execution.
Patient positioning and intra-operative planning
Ideally, to save time, all free flaps should be done as two-team operations. Thus, flaps which can be harvested in the supine position, with both teams working simultaneously are preferred. Even when a lateral position is necessary, proper planning can allow a two-team approach.
The flap should be kept attached until the recipient site dissection is complete. We prefer to prepare the recipient vessels under microscope. Once the suitable vessels and site of anastomosis is identified, the need of donor pedicle length will be clear. The flap is perfused till this time to avoid surprises.
Recipient site preparation
Debridement/ablation For all traumatic wounds, thorough debridement is critical to the success of the flap. Nothing but viable tissue should be present in the wound at the end of debridement. One needs to be even more aggressive when dealing with old/ infected wounds/electrical burns. [21] While doing cancer reconstruction, one must follow standard oncosurgical guidelines and place free flaps only on wounds, which have been widely cleared of the tumour.
Quality of recipient vessels
The quality of vessels is probably the most important factor in the success or failure of a free flap. The recipient artery and vein(s) must be identified and prepared before the donor pedicle is divided. A good recipient artery has a smooth glistening intima and pulsatile bright red blood flow. [21, 22] In traumatic cases, the recipient vessels should be prepared well away from the zone of trauma. If the artery has significant atheromatous changes, it can still be used as the recipient artery, as long as the flow is good. One needs to be extra careful to choose a site free of large plaques. The artery should be cut with sharp, fine-pointed microscissors. If the wall is thick, it may be a good idea to make a sharp transverse nick with a number 11 blade and complete the cut all around the wall using a sharp-pointed micro-scissor. The aim is to avoid creating an intimal flap or to fracture a plaque. While doing the anastomosis, one should position oneself in such a way that the needle always goes inside-out in the atheromatous vessel. Bringing the needle from outside-in is liable to fracture a plaque or lift an intimal flap. The needle should be thin and sharp. The calcium in atheromatous vessel walls tends to blunt the needle tips rapidly, so one should be ready with a plentiful supply of fresh sutures. Sometimes, while dealing with severely calcified arteries using a cutting/spatulated needle may be helpful.
Inappropriate use of clamps may also cause damage to such arteries. One should only use clamps made by reputable manufacturers and choose appropriate-sized clamps for the given vessel size. Repeated application and removal of clamps should be avoided.
Veins
An ideal recipient vein should be supple and easily compressible. [21] When it is cut, the intima should be smooth and glistening and there should be no clots inside. Blood should flow freely from the distal cut-end. Bleeding from the proximal cut-end only means that there is an active tributary distal to the next valve. What we need to know is whether the vein allows free centripetal flow of blood. This is best tested by gently pushing into the vein a bolus of warm heparinized saline through a fine (22/24G) atraumatic plastic cannula, using a frictionless syringe (the kind used by anaesthetists to give epidural injections). Ideally, the effort required to push the saline into the vein should be no more than that required to push the saline into air.
Matching and positioning
The endeavour should be to have a smooth flow of blood with minimum turbulence and minimum exposure of sub-endothelial tissues. Thus, one should try to have recipient and donor vessels matching each other in calibre as closely as possible. There should be no twist and sharp angulations and the length should be just right. Too short and it leads to axial tension, sutures cutting through and leakage. Too long and there is redundancy, leading to turbulence and possible thrombosis.
Vessel preparation
Only as much adventitia need be trimmed from the vessel ends as is necessary to prevent it from getting into the lumen or getting snagged in the knots.
Anastomotic technique
There are different, well-described ways of completing a micro-vascular anastomosis. [23] [24] [25] [26] One does need to spend a finite amount of time in the wet lab and (assisting) in the operating room before one becomes adept at the job. [27] The important points to remember are: Never handle the intima, always keep the needle tip under vision as it passes from one lumen to another. Some amount of discrepancy in the vessel size can be addressed by dilating the smaller vessel with a vessel dilator and/or sectioning it obliquely. It is a good idea to do the most difficult part of the anastomosis in the beginning and progress to easier steps. To allow full visualisation of the lumen, the last two or three stitches should be taken as a continuous running stitch and then each tied separately.
When both the arterial and venous anastomoses are completed, we should check once again for any twist or redundancy. Next, the arterial clamps should be released. If there is a major leak from the arterial anastomotic site, the arterial clamps are re-applied and an additional suture is inserted to close the leak. Minor oozing from between the sutures is best managed by covering it with a bit of autogenous fat for a few minutes. Once the arterial circulation is re-established in the flap, the donor vein should fill up. At this point, the venous clamp on the side of the flap is released and the returning blood is allowed to flow through and dilate the venous anastomosis. This manoeuvre helps to confirm a good venous return from the flap, distend the venous anastomosis thus overcoming any spasm and rule out any significant leaks on the venous side. If there is a kink or twist in the vein this manoeuvre will make it more obvious. After this, the venous clamp on the recipient side is also removed. Figures 1 and 2 show the line diagrams of few possible problems in the lie of the pedicle that may cause problems.
Haemostasis and wound closure
It is important to perform meticulous haemostasis in the peri-anastomotic area. The wound should be closed without tension. In case that is not possible, a small local skin flap can be mobilized to cover the pedicle, with the resultant raw area grafted.
Poor arterial flow
If the arterial circulation appears to be sluggish, we need to check several things: The blood pressure, the core temperature of the patient and the ambient temperature. The arterial pressure on the patient should be compared with the pre-operative values. In general, one should aim for a high-normal range of blood pressure. To maintain adequate blood pressure, the patient should be well-hydrated. Occasionally, when, in spite of adequate fluid replacement, the blood pressure remains low, we can use an infusion of low-dose dopamine (3-5 mcg/kg/min). [28] Low ambient temperature tends to cause vaso-spasm, especially in the limbs. Special precautions should be taken to maintain the patient's core temperature during surgery (warming blankets, foil and warmed intravenous fluids). If all these factors are taken care of and the arterial flow is still sluggish, it would be a good idea to clamp the arterial anastomosis on both sides and examine the inside of the lumen by removing two or three sutures. If there is a platelet plug or a clot, the arterial anastomosis should be revised.
Venous problems
Signs of venous obstruction include undue bleeding from the flap, dark and brisk bleeding when the flap is pricked or scratched and swelling. The flap vein may appear to be excessively distended if there is an obstruction at the site of venous anastomosis or in the recipient vein. If another donor vein is available, it can be anastomosed to another recipient vein. [29, 30] If the problem persists the venous anastomosis needs revision. We have been regularly using subcutaneous veins as recipient veins with no complaints.
Use of vein grafts
Vein grafts should ideally be avoided by appropriate planning, as they are a linked to significantly higher flap losses. [31] One should always try to harvest an extra length of pedicle to allow ideal positioning of the flap and good approximation of the recipient and donor vessels.
The 'no reflow' phenomena Occasionally, the flap fails to perfuse in spite a patent arterial anastomosis. [32] This has been attributed to ischemic injury to the intra-flap vasculature. This is particularly important for muscle/myo-cutaneous flaps when the duration of ischemia is more than 3-4 h. Before labelling it as 'no reflow', one should exclude correctable causes like low systemic arterial pressure and hypothermia-induced vasospasm.
Post-operative factors
Flap monitoring: All free flaps should be monitored according to a strict protocol by experienced staff. Monitoring should be at least hourly in the first 48 h and every 3-4 h subsequently. [33, 34] The whole flap should be visible for monitoring. Visual inspection of the colour and turgor of the flap and the pattern of bleeding after a needle scratch are still the most commonly used monitoring techniques. Bleeding after needle scratch should come at a steady pace and be bright red in colour. Where a muscle flap has been used, a corner of the skin graft can be turned over and the same technique applied to check for bleeding. Monitoring with a handheld Doppler works very well for the artery, but not so well for the veins.
Factors which can cause venous congestion in the flap include dependency of the limb, tight circumferential dressings, dressings caked with blood leading to compression and tracheostomy tapes around the neck.
Patient monitoring
The patient's pulse, blood pressure, oxygen saturation and urine output are monitored hourly. A urine output of 0.75-1 ml/kg/h denotes good hydration. Unnecessary blood transfusions should be avoided. A haematocrit of 25-30 is supposed to be ideal to ensure adequate microcirculation.
Vascular compromise and re-exploration
During the first 48-72 h, whenever there is the slightest doubt about the adequacy of flap perfusion and after having excluded or corrected systemic causes like hypotension/hypothermia, one should maintain a low threshold for re-exploration. If the patient is receiving continuous anaesthesia (epidural/continuous nerve block) analgesia, it may be possible to re-explore without giving GA. At re-exploration, we look for evidence of tight skin closure, a compressing haematoma and kinking/ twisting/excessive redundancy of the vessels and for our step-by-step algorithm of free flap re-exploration, as shown in Table 1 .
Sometimes when we feel that the recipient vein is not healthy and there is no alternative, we insert a cannula in one of the tributaries of donor vein and continuously irrigate the venous anastomotic site with low dose anticoagulant solution (5000 units of heparin in 500 ml of normal saline at 5 ml/min) for 4-5 days [ Figure 3 ]. The cannula is pulled out after 2-3 days of stopping the infusion. People have described salvage of microsurgical flaps with leeches, [35] thrombolytic therapy, [36, 37] external shunts, [38] but we do not have any experience of these methods. Figure 4 shows a case where early exploration saved the flap. It was a case of hidradenitis of axilla with scarred skin. After debridement, a groin flap was planned and dissected for the cover. In early post-operative period the flap developed severe congestion. She was immediately taken to theatre and the sutures were let open under GA. A large hematoma was drained. On inspection under microscope the anastomosis were patent; so probably external pressure was responsible for the venous compromise. The wound was loosely closed and final in-setting was done secondarily. The flap ultimately settled well.
PARTIAL FLAP FAILURE
A free flap developing partial necrosis is uncommon. When it does happen, it is usually due to faulty flap planning. For example, the lowermost 4-5 cm of LD muscle (just above the iliac crest) is not reliably supplied by the thoracodorsal vessels. Similarly, the lower most 5-6 cm of anterior thigh skin is not reliably served by the ALT perforator (author's experience). Including these portions in the flap transfer is likely to be risky. One can use alternate flaps or even two flaps in such situations. Occasionally, marginal necrosis may develop in a flap due to pressure by an underlying hematoma. This is best prevented by good haemostasis and adequate placement of drains. Areas of partial flap necrosis should be excised early, as soon as they have demarcated (usually within 4-5 days). For small areas of marginal necrosis, flap advancement may be sufficient. Otherwise, the defect can be managed by a local flap or a skin graft.
COMPLETE FLAP SURVIVAL; RECONSTRUCTIVE GOAL NOT FULLY ACHIEVED
This again is usually due to lack of adequate planning or inadequate assessment of the defect. Examples of such situation are heel and sole defects where it takes very long time for the native skin to demarcate. In cases of avulsion/ closed degloving injuries also more skin is likely to necrose than what seems dead and aggressive debridement is warranted. In severe crush/compartment syndrome/ electrical burns necrosis of deep muscles may present late with deep infection or even secondary haemorrhage. At initial debridement, good bleeding alone should not be accepted as a sign of viable muscle. Healthy muscle should bleed and contract on stimulation. [21] Though not directly related to the flap, sometimes poorly stabilized fractures/loose non-viable bone fragments, non-viable bits of muscle and unfilled cavities may become source of infection and compromise the outcome. All these should be considered during planning and execution.
SYSTEMIC COMPLICATIONS
As most free flap operations are long surgeries, these patients are prone to systemic complications like , where the vascular dissection has been carried down to iliac vessels, may be at a higher risk of DVT. Appropriate physical and pharmacological measures for preventing DVT should be taken in all adults undergoing such flap transfers. [39] In paediatric patients and patients with cardiac problems the blood loss should be carefully estimated and restored to maintain a haematocrit of 25-30.
DONOR SITE COMPLICATIONS
Early donor site morbidity Meticulous haemostasis is mandatory. We prefer to use a fine tipped monopolar cautery to do all the dissection, coagulating all the tiny bleeders meticulously. Avoid tension while closing the donor sites, when one cannot approximate donor site with a single 2-0 nylon suture, there is probably too much tension. [40] Skin graft is preferred in these circumstances. Whenever a large muscle flap like LD is harvested, we prefer obliterating the cavity with quilting sutures or use suction drains, to prevent the formation of a seroma.
Late donor site morbidity
This can be unsightly scars, numbness and paresthesias, weakness and contour irregularities. Stretching of scars can be minimised by meticulous multilayer closure and avoidance of tension. Scars in some places naturally tend to be worse than others. For example, when a lateral arm flap is extended beyond the epicondyle, the resulting longitudinal scar across the elbow joint often tends to hypertrophy. This may be a life-long sore point for a patient used to wearing short sleeves. One source of scarring, which is often over looked is skin graft donor sites. Ways to minimise unsightly graft donor scars include harvesting thinner rather than thicker grafts, using a dermatome (to give a uniform graft thickness), taking grafts from less exposed areas (like scalp, buttocks). Careful preservation of sensory nerves as and when possible will decrease incidences of numbness and paresthesia. Contour irregularities in after harvest of large skin flaps cannot be avoided completely; it can be corrected to certain extent at a later date.
UNSATISFIED PATIENT
This is usually the result of failure of communication. When the patient is not satisfied despite a good reconstruction it means that the surgical team has not been able to fully convey the short and long-term implications of the surgery to the patient.
Informed consent
It is assumed that the surgical team will brief the patient in detail about the nature and scope of the surgical operation, intended goals and more importantly things that cannot be achieved with that specific surgery. In microsurgery the possibility of complications and unfavourable results, need of skin, vein and nerve grafts and possible alteration of surgical plans while on table must be explained and documented. The patient should be clearly informed about the very real possibility of anastomotic blockage and the need for emergency re-operation in the early post-operative period and various alternative options in case the flap is not salvaged. It is worth repeating here, that by law, only a patient can sign consent, unless he/she is a minor or is in an altered state of consciousness or is not sound of mind. If a change of course is considered while the patient is under anaesthesia, it is not justifiable to obtain consent from the next of kin.
Financial issues
A large number of free tissue transfers in our country are performed in private hospitals. One of the major problems, leading to a lot of bitterness, is inflated bills following prolonged surgery/re-operation/surgical complications. The surgical team, along with the hospital management, need to formulate a clear policy for such situations and communicate the same to the patient well in advance.
SUMMARY
Free flap surgery is a demanding operation. Careful planning, thorough and complete communication with the patient and his/her relatives, meticulous execution and diligent post-operative care are the keys to a successful flap and a satisfied patient.
